Dimorphic variations in the genotype of the precursor to Plasmodium fal ciparum major merozoitesurface antigens orgpl9s,among wildisolates ina smallmalaria parasite population were examined using Southern blot hybridization techniques. Hybrid ization, with DNA fragment probes and oligonucleotide probes derived from variable blocks of known gpl95 alleles against 18 wild isolates from Mae Sod district in Thailand, revealed the existence of seven gpl95 alleles, two of which were newly identified in this study. In four out of 17 patients, two different alleles coexisted in the circulation. It was furthermore noted that the seven alleles did not occur at the same frequency, but rather several alleles predominated in the population of P. fakiparum in this small malaria field.
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The precursor ofPlasmodiumfakiparum ma jor merozoite surface antigens (MSA-1), orgpl95, is one of the potential candidates for asexual blood-stage malaria vaccine.' It is synthesized during schizogony and is proteolytically pro cessed into several products of a lower molecular weight. Monkeys vaccinated with gp195-derived immunogens showed partial to complete protec tion against challenge by the parasite.2@5How ever, gpl95 shows extensive antigenic diversity,6
making it difficult for it to be the base of an effective malarial vaccine. Recent sequence stud ies on the gpl95 gene have revealed that it is composed of seven variable blocks separated by either conserved or semi-conserved blocks.7
Variations in the gp195 gene among different isolates are, however, not widely polymorphic but appear to be dimorphic. The dimorphism of the gpl95 gene has been widely confirmed8'9 with the exception of one variant which lacks appar ent repeats near the 5' end of the gene. ' 
MATERIALS AND METHODS

Source of parasite DNA
All of the 18 isolates of P. falciparum were collected from 17 patients during November 1988 and January 1989 at Mae Sod, a district in Tak Province in northern Thailand. They were cry opreserved as described elsewhere'2 and trans ported to Nagasaki where DNA from each isolate was obtained from in vitro culture according to the method of Trager and Jensen.'3 The DNA was then purified as described previously.'4 The isolate Kl from Thailand was used as a reference control.
Hybridization probes and labeling
Previous studies have shown that the Kl and MAD2O isolates can be designated as represen tatives of dimorphic alleles,7 (i.e. the gp195 al leles being different at every variable block). Therefore, both K!-and MAD2O-specific DNA fragments were excised from respective plasmid clones as reported elsewhere.'4 The probes used here were K216 and M534 fragments from block 6 and Kl 53 and M180 from block 8 (Fig. 1) . A 543 base pair fragment, C543, was also derived from conserved block 3. These fragments were labeled with digoxigenin-dUTP using a nonra 
Blotting and hybridizations
Approximately one microgram of parasite DNA was digested completely with Hindu! and electrophoresed on 0.8% (w/v) agarose gels. The DNA was transferred onto a nylon membrane (Hybond-N, Amersham, UK) as described else where.'4 Procedures for prehybridization, hy bridization, washing and immunological detec tion of the fragment probes were performed following the manufacturer's instructions (Boeh ringer Mannheim). For the oligonucleotide probes, prehybridization and hybridization were performed at 50; dgC, and membranes were washedfourtimesfor30minat 50;dgCin 6;ts SSC (1; ts SSC; eq 0.15 M NaC1, 0.015 M tn sodium-citrate).
The membranes were exposed to Konica X-ray film with intensifying screen for 10â€"72hr.
RESULTS
Southern blots of HindIH-digested DNA of 18 isolates were hybridized with either DNA fragment probes (blocks 3, 6 and 8) or oligonu cleotide probes (blocks 2,4 and 16). These probes gave specific hybridization signals, as shown in eight isolates of P. fakiparum (Fig. 2) . The K! isolate reacted with Kl probes but not with MAD2O probes, as expected. In the seven wild isolates, all but one (isolate 822) were hybridized with either Kl or MAD2O probes, giving signals at the 7.6 or 3.5 kb region, respectively (see Fig.   1 ). Both K! and MAD2O probes from block 6 reactedto 822 and MAD2O probe from block2 gave two distinct signals. A probe from con served block 3 also gave two signals at the 7.6 and 3.5 kb regions. Results from all hybridiza tion experiments with different probes are sum marized in Table 1 . Hybridization patterns were identical in some isolates e.g. isolates 807, 836, . 3 ). Other workers, using the dot blot hybridization technique against 20 isolates or strains from different parts of the world, have recognized five gp!95 alleles, apart from one al lele which apparently lacks repeat region in block 2. They are included in Figure 3 er that four out of 18 isolates harbour two ge netically distinct clones, and it is unlikely that a single parasite contains two gpl95 alleles. In the present study, parasites were propagated in culture for less than one month. However, in vitro culture ofparasites often results in selection oflines that have proliferative advantage. There fore, if target gene fragments were directly am plifled from infected patient material using poly merase chain reaction, the frequency of coexistence of different gpl95 alleles in a single isolate would be higher than that in the present study. The transmission of two genetically dis tinct organisms having different gpl95 alleles into a mosquito vector via a bite, followed by zygote formation and meiosis wherein, should provide a good chance for the parasite to undergo intra 
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regions between blocks 2 and 4 and regions be tween blocks 4 and 6, creates alleles 3 and 4, and alleles 7 and 8, respectively. However, the fre quency of intragenic recombination seems to be rare because neither allele 7 nor 8 has been found in the present study (see fig. 3 ). The significance of this recombination re mains unknown. Since sera from some individ nals living in malaria endemic areas have anti bodies which react with gpl9s,'8 it may be that immunological, effector mechanisms invoked by the host select only some parasites possessing particular gpl95 alleles in the circulation. It may be relevant to mention in this context that the recombination events are restricted to the 5' end ofthe gpl95 gene. The N-terminus 80â€"83kDa fragment, which is one ofthe processed products ofgpl95, is shed from the merozoite surface upon entry into an erythrocyte and is therefore likely to be immunogenic. Thus, recombination at the 5' end could increase the chance of P.fakiparum survival in the host circulation. Alternatively, it must also be considered that functional con straints ofgpl95 restrict only a few appropriate alleles. The function of gp195 is presently un known. However, the protein or the processed products may play an important role in the eryth rocyte invasion by the merozoite, because a monoclonal antibody against gpl95 has been re ported to block the invasion.' It is intriguing to speculate that gp195 may serve as a ligand for the erythrocyte receptor of the merozoite. Evi dence also indicates that there are possibly two kinds of erythrocyte receptors, glycophorin and an unidentified substance.'9'2Â°Assuming that each of the dimorphic gp195 can interact only with one receptor, recombination at the 3' end between dimorphic gpl9s alleles could code a protein that is incompatible with either of the receptors. Nevertheless, whatever the signifi cance of the recombination is, common coexis tence of different gpl95 alleles not only in a small malaria field but also in a single patient should be taken into account for future development of a malaria vaccine based on gpl95. To date, no extensive search for B cell and T cell epitopes in gpl 95 has been conducted, though a few were found.21'22If immunodominant B cell and/or T cell epitopes were localized at variable peptide regions, a vaccine would have to incorporate the epitopes from the two dimorphic proteins which form the basis for the rest of the allelic variation. 
